Heron (Egretta sacra) on several coasts and islands in central to southwestern Japan, eastern Australia, and French Polynesia. Both morphs preferred white beaches to dark beaches. Every local population contained some dark herons, however, the range of the white morph was restricted. The white morph population increased in proportion to the distance from the equator in Japan. It was plentiful in the Great Barrier Reef in Australia and was common in Polynesian islands. The distribution of the white morph coincides with the presence of coral reefs, from which white beaches are derived. Only the dark morph was seen outside this range. None of several hypotheses proposed so far explains the observed polymorphism and its geographic variation.
INTRODUCTION
techniques while dark herons forage in a more active manner. This hypothesis was questioned by Recher (1972) who did not find any difference in foraging behavior between the two morphs of the Eastern Reef Heron . Instead, Recher and Recher suggested that physiological adaptation to hot coastal habitats may have played an important role; white birds may be favored in hot areas because of less absorption of sunlight. Walsberg et al. (1978) however, showed that white plumage may actually absorb more heat than dark plumage. Balanced selection forces between risk of predation (Caldwell 1986) and the advantage of "hunting camouflage" (Craik 1944 ) for white birds may contribute to maintain polymorphisms in Ardeidae. It is obvious that more quantitative data on the morph ratios and other aspects are required to test such hypotheses (see Mock 1980) . The Eastern Reef Heron is a western Pacific coastal heron that exhibits two distinctive color morphs: white and dark. On the basis of censuses in several Polynesian islands, Holyoak (1973) found a close correlation between morph ratios and beach colors, the white morph being more prevalent on islands with predominantly white beaches.
I investigated the distribution of the polymorphic Eastern Reef Herons and their habitats at more localities across a wider range than did Holyoak, including southern Japan and several Kendall' s rank correlation test: n = 16, S = 7 1, P = 0.001 when all data are used: n = 13, S = 32, P = 0.05 1 when northern three localities, where all herons were dark, are excluded.
"Dark beaches" consisted of dark rocks and/or sands. "White beaches" consisted of limestones or white sands (sometimes with scattering dark rocks). Habitat color was recorded on maps when the bird censuses were made; beach lengths were measured from the maps. In any of the northern localities in Japan (51-56 in Table l) , no white beaches were found, while no dark beaches were observed in Australia and Polynesia. However, there was one special circumstance on Heron Island. Although dark fringed substrates surrounded this island, Reef Herons did not feed on these areas. This apparently was due to heavy tourist use. In this paper, therefore, Heron Island is classified as a white beach on which the herons fed. At three localities in Japan, two in Australia, and one in Polynesia, fewer than four herons (Table 1) were observed, so these were excluded from further analyses. Most correlation analyses were made for data from the Nansei Islands, Japan (the Tokara Archipelago, Amami Islands, and Okinawa Islands: 57-J 19 in Table 1 ) because these islands provided variations in both beach types and bird color.
RESULTS

DISTRIBUTION OF THE TWO MORPHS
In all, I counted 415 Eastern Reef Herons in Japan, 283 in Australia, and 36 in French Polynesia (Table I) The proportion of the white morph decreased as latitude increased in Japan (Fig. 1) . The correlation was weak when northern localities with only dark herons were excluded.
The sample size in the Southern Hemisphere was too small to make a similar correlation analysis. The proportion of the white morph was high in both Green (Al), Fitzroy (A2) and Heron (A4) Islands in the Great Barrier Reef, Australia: 87.5%, 50.0% and 74.9%, respectively. Eastern Reef Herons were plentiful there; the total number of herons (283) found in these small islands (0.3 and 0.17 km2) is more than 77% of that in many of the Nansei Islands, where intensive censuses were made. In Polynesia, we found 11 Reef Herons with two (18.1%) white morphs in Borabora and 25 herons with 16 (64.0%) white ones in Rangiroa. All beaches we examined in Australia and Polynesia were white.
Every local population contained some dark Eastern Reef Herons, whereas the range of the white morph was restricted. Takara Island in the Tokara Archipelago (57) was the northern limit of white Eastern Reef Herons (Fig. 2) the white morph in 13 islands in the south of the line (Fig. 2) . The proportion of white herons was not significantly correlated with that of white coasts in Japan (Fig. 3) , whether including or excluding localities that lacked either dark beaches or white beaches. Table 2 Eastern Reef Herons show no preference for beach habitats that match their plumage. The proportion of white birds did not differ between white and dark beaches within each island (Table  3) . White morphs were seen on dark beaches in 10 of 11 islands and, conversely, dark morphs were seen on white beaches in all 12 islands. The same is true even if the data source is restricted to the 10 islands where there are both types of beaches. On the basis of pooled data, 56.7% of Eastern Reef Herons seen on white beaches and 57.5% of ones on dark beaches were the white morph (x2 = 0.019, P = 0.890). ' It was tested whether the distribution differed from expected value on the basis of the beach length, using the binomial test or x2-test. Asterisks = P < 0.05; the others = N.S.
HABITAT CHOICE BY THE TWO MORPHS
DISCUSSION
1 The numbers coincide with those in Table 1. is in the Tokara Strait (the Watase Line) in Japan (Fig. 2) . (Kushlan 1978) . Recher (1972) suggested that the dimorphisms may have a physiological rather than an ecological reason; white herons hunting on hot coasts may be better able to regulate their body temperature than dark ones. This hypothesis coincides with the result of the present study, the negative correlation between the latitude and the proportion of the white morph (but see Holyoak 1973 for an exception). Ellis' (1980) laboratory experiment indicates that metabolism and solar radiation may combine to amplify heat stress in hot climates in dark herons.
Matching with different habitats may seem straightforward as an explanation of polymorphism. Holyoak (1973) examined the relationship between beach color and the morph ratios in Eastern Reef Herons in French Polynesia. There were highly significant differences between the morph ratios of islands with beaches of different colors, those islands with light coral beaches had far more white herons. The white morph was absent from coasts with no coral, as in New Zealand and southern Australia, and present wherever white coral beaches are within easy reach. These findings were not confirmed by this study because the correlation between habitat color and morph ratios was not significant. The current study, furthermore, revealed that individual herons did not choose habitats of their own color. Therefore, the observed geographic variation in morph ratios requires explanations at the population level such as frequency-dependent selection or immigration.
Given that habitat matching plays an important role in maintaining the polymorphism in herons, the advantage of habitat matching should also be explained. Caldwell' s (1986) experiment showing that white heron models attracted more predators than blue models suggests that morphs matching their backgrounds are at less risk from predation. Alternatively, it has been shown that the white underparts of herons and seabirds facilitate foraging because of their inconspicuousness to aquatic prey against the bright sky (Mock  1980, Gotmark et al. 1986, Gotmark 1987) . The balanced selection of these two selection pressures may contribute to maintain two morphs in herons.
None of the above fully explains polymorphism in Ardeidae. Because all the three typically polymorphic herons are marine birds, changes in activity patterns with tides may be important. It thus is interesting that Eastern Reef Herons are active at night as well as in the daytime (Itoh, pers. obs.), considering that nocturnal species in Ardeidae have dark plumage. To test any of these hypotheses, further intensive studies are needed.
